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Abstract of JP2025024 

PURPOSE:To enable a pattern to be formed 
by applying only one time photolithography by 
a method wherein an inorganic insulating film, 
a surface protective film and another inorganic 
insulating film are successively and selectively 
dryetched using a resist pattern formed on the 
topmost layer as a mask. CONSTITUTIONrAn 
Al electrode wiring 13 is selectively formed on 
an Si semiconductor substrate 1 1 through the 
intermediary of an inorganic insulating film 12 
to deposition-form another inorganic insulating 
film 14 on the wiring 13. Successively, a 
surface protective film 15 comprising an 
organic insulating film is formed on the film 14. 
First, the other inorganic insulating film 16 is 
deposition-formed on the film 15. Later, a 
resist pattern 1 7 is formed on the film 16 to 
make a pattern opening in the film 16 using the 
pattern 17 as a mask. Secondly, the film 16 is 
selectively dryetched away to make an 
opening using the opened film 16 as a mask. 
Finally, the film 14 is selectively dryetched 
away to make an opening using the films 16 
and 15 as masks. At this time, the film 15 can 
be pattern-formed by simultaneously etching 
away the film 16. Through these procedures, 
the surface protective film 15 can be pattern- 
formed by applying only one time 
photolithography. 
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Specification 

25 1 . Title of the Invention 

METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE 
2. Scope of Claim 

A method of manufacturing a semiconductor device characterized by 
comprising the steps of selectively forming an electrode wiring over a semiconductor 
30 substrate with a first inorganic insulating film interposed therebetween, and depositing a 
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second inorganic insulating film over the electrode wiring; forming a surface protective 
film formed of an organic insulating film over the second inorganic insulating film; 
depositing a third inorganic insulating film over the surface protective film; forming a 
pattern opening by selectively dry-etching the third inorganic insulating film, with the 
5 use of a resist pattern formed over the third inorganic insulating film as a mask; forming 
a pattern opening by selectively dry-etching the surface protective film, with the use of 
the patterned third inorganic insulating film as a mask, and concurrently removing the 
resist pattern; and forming a pattern opening by selectively dry-etching the second 
inorganic insulating film, with the use of the patterned surface protective film as a mask, 

10 and concurrently removing the third inorganic insulating film. 
3. Detailed Description of the Invention 
[Field of Industrial Application] 

The present invention relates to a method of manufacturing a semiconductor 
device, and more specifically, to improving a pattern formation method of a surface 

15 protective film using an organic insulating film in a semiconductor chip in a 
semiconductor device. 
[Prior Art] 

FIGS. 3(a) to (d) each schematically show a main process step of a pattern 
formation method of a surface protective film using an organic insulating film in a 

20 semiconductor chip of the kind in a conventional example. 

That is, in FIG. 3, a pattern formation method of a surface protective film in a 
semiconductor chip in a conventional example is as follows: over a silicon 
semiconductor substrate 1, first, for example, a first insulating film 2 formed of an 
inorganic insulating film such as a silicon oxide film is formed by deposition using a 

25 CVD (chemical vapor deposition) method or the like; and a surface of this first 
insulating film 2 is covered with an aluminum layer or an alloy layer of aluminum and 
silicon using a sputtering method or the like; then, using a photoengraving method, a 
negative or positive resist is applied over the layer, and exposure and development are 
performed to form a predetermined pattern, and an aluminum electrode wiring 3 which 

30 is patterned is selectively formed by wet or dry etching using this resist pattern as a 
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mask; and, over this aluminum electrode wiring 3, a second insulating film 4 formed of 
an inorganic insulating film such as a silicon nitride film is formed by deposition using 
a CVD method or the like ((a) in FIG 3). 

Subsequently, over the second insulating film 4, using a photoengraving 
5 method, a negative or positive resist is applied, and exposure and development are 
performed on this to form a predetermined pattern. Then, the second insulating film 4 
is selectively dry-etched using this patterned resist pattern 7 as a mask to form a pattern 
opening, using a CF 4 gas 8 ((b) in the same figure). 

After that, the resist pattern 7 used as the mask is removed by ashing using an 

10 O2 gas 8. Then, as a buffer coat film which protects a chip surface, a surface 
protective film 5 using an organic insulating film formed of a polyimide film is formed 
by application thereover ((c) in the same figure). 

Further, over the surface protective film 5, using a photoengraving method 
again, a negative or positive resist is applied, and exposure and development are 

1 5 performed on this to form a predetermined pattern. Then, this surface protective film 5 
is selectively wet-etched, using this patterned resist pattern as a mask, to form a pattern 
opening larger than an opening in the second insulating film 4; and finally, the resist 
pattern used as the mask is removed ((d) in the same figure). In this manner, the 
surface protective film 5 using an organic insulating film which protects a chip surface 

20 is formed by patterning as expected. 

[Problems to be Solved by the Invention] 

However, in a conventional pattern formation method of the surface protective 
film 5 using an organic insulating film which is implemented as described above, there 
are the following problems. Since it is necessary to perform a photoengraving step 

25 twice after the pattern-formation of the aluminum electrode wiring 3, the work becomes 
extremely troublesome and takes a lot of time. In addition, the polyimide film which 
is the surface protective film 5 can be dry-etched only by an O2 gas; thus, dry etching 
using a resist pattern as a mask in a normal manner cannot be performed, and therefore, 
inevitably wet etching is employed. When wet etching is employed, a surface of the 

30 aluminum electrode 3 is easily damaged, which is undesirable in terms of chip 
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reliability. 

The present invention is made to solve such conventional problems, and it is an 
object of the present invention to provide a method of manufacturing a semiconductor 
device of the kind in which a photoengraving step that accompanies pattern formation 
5 of a surface protective film using an organic insulating film is performed only once and 
all etching operations in the pattern formation can be performed by dry treatment; here, 
a pattern formation method of a surface protective film using an organic insulating film. 
[Means for Solving the Problem] 

To accomplish the aforementioned object, a method of manufacturing a 

10 semiconductor device relating to the present invention is implemented as follows: a 
second inorganic insulating film, a surface protective film formed of an organic 
insulating film, and a third inorganic insulating film are sequentially deposited over an 
electrode wiring, and a pattern opening is formed by successively and selectively 
dry-etching the third inorganic insulating film using a resist pattern formed on a topmost 

1 5 layer as a mask; the surface protective film, using the third inorganic insulating film as a 
mask; and the second inorganic insulating film, using the surface protective film as a 
mask. 

That is, the present invention is a method of manufacturing a semiconductor 
device characterized by comprising the steps of selectively forming an electrode wiring 

20 over a semiconductor substrate with a first inorganic insulating film interposed 
therebetween, and depositing a second inorganic insulating film over the electrode 
wiring; forming a surface protective film formed of an organic insulating film over the 
second inorganic insulating film; depositing a third inorganic insulating film over the 
surface protective film; forming a pattern opening by selectively dry-etching the third 

25 inorganic insulating film, with the use of a resist pattern formed over the third inorganic 
insulating film as a mask; forming a pattern opening by selectively dry-etching the 
surface protective film, with the use of the patterned third inorganic insulating film as a 
mask, and concurrently removing the resist pattern; and forming a pattern opening by 
selectively dry-etching the second inorganic insulating film, with the use of the 

30 patterned surface protective film as a mask, and concurrently removing the third 

4/8 



English Translation of JPH2-25024 



inorganic insulating film. 
[Operation] 

Accordingly, in a method of the present invention, a second inorganic 
insulating film, a surface protective film formed of an organic insulating film, and a 
5 third inorganic insulating film are sequentially deposited over an electrode wiring, and 
in this state, a pattern opening is formed by successively and selectively dry-etching the 
third inorganic insulating film using a resist pattern formed by a photoengraving method 
on a topmost layer as a mask; the surface protective film, using the third inorganic 
insulating film as a mask; and the second inorganic insulating film, using the surface 
10 protective film as a mask. Therefore, by using a photoengraving method only once, a 
surface protective film formed of an organic insulating film in a semiconductor chip as 
expected can be formed by patterning, and each etching operation in the pattern 
formation can be performed by dry treatment. 
[Embodiment] 

15 Hereinafter, an embodiment of a method of manufacturing a semiconductor 

device according to the present invention is described in detail with reference to FIG. 1 
and FIG 2. 

FIGS. 1(a) to (f) are cross-sectional views which sequentially and 
schematically show main process steps in a pattern formation method of a surface 
20 protective film using an organic insulating film in a semiconductor chip, to which the 
method of this embodiment is applied. FIG 2 is a cross-sectional view schematically 
showing a case where another means is applied in an etching step of the surface 
protective film. 

That is, in FIG 1 , a pattern formation method of a surface protective film using 
25 an organic insulating film in a semiconductor chip in this embodiment is as follows: 
also in this method, over a silicon semiconductor substrate 1 1 , first, a first insulating 
film 12 formed of an inorganic insulating film such as a silicon oxide film is formed by 
deposition using a CVD method or the like; and a surface of this first insulating film 12 
is covered with an aluminum layer or an alloy layer of aluminum and silicon using a 
30 sputtering method or the like; then, using a photoengraving method, a negative or 
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positive resist is applied over the layer, and exposure and development are performed to 
form a predetermined pattern, and an aluminum electrode wiring 1 3 which is patterned 
is selectively formed by wet or dry etching using this resist pattern as a mask; and, over 
this aluminum electrode wiring 13, a second insulating film 14 formed of an inorganic 
5 insulating film such as a silicon nitride film is formed by deposition using a CVD 
method or the like to a thickness of approximately 500 ~ 1000 A ((a) in FIG 1). 

Subsequently, over the second insulating film 14, an organic insulating film 
which is to be a buffer coat film for protecting a chip surface; here, a surface protective 
film 1 5 formed of a polyimide film; is formed by application to a thickness of 

10 approximately 5-20 ^m using a spin coating method ((b) in the same figure); and over 
this organic insulating film 15, which is a surface protective film, a third insulating film 
16 formed of an inorganic insulating film such as a silicon nitride film is formed by 
deposition using a CVD method or the like to a thickness of approximately 500 ~ 2000 
A ((c) in the same figure). 

15 After that, over the third insulating film 16, using a photoengraving method, a 

negative or positive resist is applied, and exposure and development are performed on 
this to form a predetermined pattern. Then, a pattern opening is formed by selectively 
dry-etching this third insulating film 16 using this patterned resist pattern 17 as a mask, 
and using a CF4 gas 1 8 ((d) in the same figure), and subsequently, a pattern opening is 

20 formed in a similar manner by selectively isotropically dry-etching the organic 
insulating film 15 which is the surface protective film using an O2 gas 19. At this time, 
the thickness of the resist pattern 17 which is the mask is made smaller than the 
thickness of this organic insulating film 15, and thus this resist pattern 17 only can be 
removed by ashing while the third insulating film 16 is left intact ((e) in the same 

25 figure). 

Next, an opening is formed by selectively dry-etching the second insulating 
film 14 using the left intact third insulating film 16 and the organic insulating film 15 
which is the surface protective film patterned by the opening, as masks, and using the 
CF4 gas 1 8 again. At this time, since the third insulating film 1 6 which is left intact in 
30 a surface portion is thinner than the second insulating film 14 which is etched, they are 
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concurrently removed by etching ((f) in the same figure). In this manner, the surface 
protective film 1 5 formed of an organic insulating film for protecting a chip surface can 
be formed by patterning as expected. 

That is, as described above, in the method of this embodiment, by applying a 
5 photoengraving method only once, for the formation of the resist pattern in a topmost 
layer portion, the surface protective film using an organic insulating film as expected 
can be formed by patterning, and each etching operation in this pattern formation can be 
performed by dry treatment. Thus, there is no fear of damage to a surface of the 
electrode wiring. 

10 Note that, in the method of the embodiment shown in FIG. 1, isotropic dry 

etching using the O2 gas 19 is employed for selectively etching the organic insulating 
film which is the surface protective film. However, by employing anisotropic dry 
etching using the 0 2 gas 19 for the etching step, a pattern opening with higher 
processing accuracy can be formed, as shown in FIG. 2. 

15 [Effects of the Invention] 

As described above in detail, according to a method of the present invention, a 
second inorganic insulating film, a surface protective film formed of an organic 
insulating film, and a third inorganic insulating film are sequentially deposited over an 
electrode wiring, and in this state, a pattern opening is formed by successively and 

20 selectively dry-etching the third inorganic insulating film using a resist pattern formed 
using a photoengraving method on a topmost layer as a mask; the surface protective 
film, using the third inorganic insulating film as a mask; and the second inorganic 
insulating film, using the surface protective film as a mask. Therefore, by applying a 
photoengraving method only once, for the formation of a resist pattern in a topmost 

25 layer portion, a surface protective film using an organic insulating film in a 
semiconductor chip can be formed by patterning as expected, and a manufacturing 
process thereof can be effectively simplified and improvement in workability can be 
achieved. Further, the invention possesses excellent features such as the following: 
since each etching operation in the pattern formation of the surface protective film can 

30 be performed by dry treatment, there is no fear of damage to a surface of the electrode 
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wiring, and the process itself is comparatively simple and can be easily implemented. 

Accordingly, a semiconductor device with high reliability can be provided at low cost. 

4. Brief Description of the Drawings 

FIGS. 1(a) to (f) are cross-sectional views which sequentially and 
5 schematically show main process steps in a pattern formation method of a surface 

protective film using an organic insulating film in a semiconductor chip, to which an 

embodiment of the method of the present invention is applied; FIG 2 is a 

cross-sectional view schematically showing a case where another means is applied in an 

etching step of the surface protective film; and FIGS. 3(a) to (d) are cross-sectional 
10 views which sequentially and schematically show main process steps in a pattern 

formation method of a surface protective film using the organic insulating film 

according to a method of a conventional example. 

11... silicon semiconductor substrate, 12... first insulating film formed of 

inorganic insulating film such as silicon oxide film, 13... aluminum electrode wiring, 
15 14... second insulating film using inorganic insulating film such as silicon nitride film, 

15... surface protective film (organic insulating film) formed of polyimide film, 

16... third insulating film formed of inorganic insulating film such as silicon nitride film, 

17... resist pattern, I8...CF4 gas, and I9...O2 gas. 

20 Agent Masuo OIWA 
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